This work was done to evaluate the optimal postharvest storage parameters and shelf life of baby spinach. Baby spinach (50 g) was sealed in three different polypropylene (PP) and polyethylene (PE) packaging materials: 30 m (PP), 35 m (PE) & 40 m (PE), and were stored in darkness for 3 and 9 days at 0 °C, 4 °C, 8 °C & 16 °C ( 1 °C). Total content of phenolics, soluble solids, nitrates, chlorophyll content, ascorbic acid & spinach color (CIEL*a*b*) were measured by standard methods after 3 and 9 days of storage. Baby spinach stored at 0  1 °C and 4  1 °C showed the best visual quality. Storage temperature had significant influence on spinach colour, but the influence of packaging was not so strong. The content of soluble solids, ascorbic acid and nitrates decreased during storage. The highest amount of ascorbic acid was retained when baby spinach were stored in 40 m PE bags at 0  1 °C. When baby spinach was stored at higher temperatures (4 °C, 8 °C & 16 °C), the decrease in the amount of ascorbic acid ranged from 55 % to 69 %. Baby spinach stored for 9 days at 0 °C & 4 °C showed high visual and biochemical quality. Higher amounts of soluble solids and ascorbic acid were found in spinach stored in 40 m PE bags.
INTRODUCTION
Spinach (Spinacia oleracea L.) leaves accumulate large amounts of biologically active substances. It has been shown that extracts of spinach leaves retain their biological activity in both in vitro and in vivo systems because of the high amounts of natural antioxidants, i.e., flavonoids and p-coumaric acid (Bergman et al., 2001 ). Young, small and not overgrown spinach leaves have the highest value. Freshly cut spinach contains approximately 1000 mg/kg of flavonoids (Conte et al., 2008) . However, spinach is a leafy vegetable and spoils very rapidly. Storage conditions influence its quality and shelf life. Under the usual storage conditions (at 7 °C), the quality of freshly cut spinach decreases significantly after 7 days. The processes of ascorbic acid degradation become very active in spinach leaves after 6 days of storage at 10 °C (Del Nobile et al., 2006). To preserve marketable spinach quality for a longer period of time, various methods of storage are being investigated; one of these is storage in a modified atmosphere. Various polymeric films permeable to O2, CO2 and water vapour are used for packaging under a modified atmosphere. Packaging materials influence the sensory quality of leafy green vegetables by altering the respiration rate, which affects the colour and texture of the product (Lomnitski et al., 2003) . This effect is especially important when spinach is transported and stored at higher temperatures, e.g., in supermarkets. It has been reported that spinach stored in low density polyethylene (PE) packages retained higher amounts of phenolic compounds, ascorbic acid and -carotene (Madhekar et al., 2011) .
The aim of this investigation was to evaluate the influence of various packaging materials (films) and storage temperatures on various quality parameters of freshly picked baby spinach. ) and hue angle (h° = arctan(b*/a*)) were also calculated. The investigations were conducted with three replicates. Statistical processing of results was made with the help of MS Excel and software package SELEKCIJA. The spinach leaves chemical compounds results were presented as the averages of 3 measurements with the standard errors of the means. Colour characteristics (as the averages of 3 measurements) data was evaluated statistically using two-way factorial ANOVA analysis (Tarakanovas and Raudonius, 2003 ). Fisher's LSD test and the determination coefficient were calculated at the probability level P  0.05.
MATERIALS AND METHODS

Investigations
RESULTS
The humidity was lower in the packages of all types stored for 9 days at 8 ± 1 °C and 16 ± 1 °C. After 9 days of storage, the visual quality of the spinach stored at 8 ± 1 °C did not change. However, the taste of the spinach leaves decreased in quality, especially in the 40 m PE2 packages. Baby spinach retained a fresh odour after 3 days of storage at 16 ± 1 °C, but its texture and taste became slightly worse. After 9 days of storage, for all types of packaging material, the spinach leaves became tasteless. After 3 and 9 days of storage, good sensory properties (odour, texture and taste) were found in the spinach leaves kept at 0 ± 1 °C and 4 ± 1 °C and packed in 30 m PP and 35 m PE1 film bags. The texture scores ranged from 4.5 to 5.0, and the taste scores ranged from 4.0 to 5.0. Baby spinach stored at 0 ± 1 °C in 30 m PP film bags was found to show the best odour and taste.
The baby spinach cultivar Corvair accumulated 5.1 % of soluble solids. During storage, the content of soluble solids in the spinach varied depending on the storage conditions and packaging material (Figure 1) . Nevertheless, the content of soluble solids did not change in spinach stored at 0 ± 1 °C, and the highest content of soluble solids was found in the spinach leaves that were stored in 40 m PE2 film bags. In baby spinach stored at 4 ± 1 °C, the soluble solids content showed differences only after 9 days. A lower content of soluble solids was found in the leaves that were packed in 30 m PP film bags. Higher storage temperatures (8 ± 1 °C and 16 ± 1 °C) had a greater impact on the content of soluble solids. In the 35 m PE1 and 40 m PE2 film bags, the amount of soluble solids in spinach leaves decreased by 8 % and 6 %, respectively. After 9 days of storage, the highest content of soluble solids was found in the spinach leaves packed in 40 m PE2 film bags. The amount of ascorbic acid in freshly picked baby spinach was 32.4 mg 100 g -1 . During storage, the decrease in the amount of ascorbic acid in the spinach leaves ranged from 7.6 % to 50 % (Fig. 1 ). Higher amounts of ascorbic acid were retained when spinach was stored at 0 ± 1 °C and 4 ± 1 °C for shorter (3 day) periods. The decrease in the ascorbic acid content of the spinach stored at the highest temperature (16 ± 1 °C) ranged from 35.7 % to 41.7 %. The size of the decrease depended on the packaging film used. After 9 days of storage at 0 ± 1 °C and 4 ± 1 °C, higher amounts of ascorbic acid were retained in baby spinach packed in 40 m PE2 film bags. A positive correlation has been found between the soluble solids and ascorbic acid content of spinach and the quality of the spinach (Spinardi et al., 2010) .
The storage conditions and packaging material influenced the total content of phenolics of baby spinach (Figure 2) . A higher total content of phenolics was found in spinach leaves that were stored for 3 days at 0 ± 1 °C, 8 ± 1 °C and 16 ± 1 °C in packages made of 35 m PE1 film. In general, the concentration of phenolic compounds decreased slightly during storage. In freshly picked baby spinach, the content of nitrates was 3186 mg kg -1 . During storage, the decrease in the content of nitrates ranged from 7.3 % to 21.7 % depending on the storage conditions and packaging material (Figure 2 ). Baby spinach stored in 30 m PP film bags retained a higher content of nitrates. The lowest amount of nitrates (2417 mg kg -1 ) was detected in baby spinach stored in PE2 film bags at 16 ± 1 °C. Figure 2 . Influence of storage conditions and packaging material on the total content of phenolic compounds and the content of nitrates in baby spinach (PP -30 m; PE1 -35 m; PE2 -40 m)
The storage temperature had the greatest impact on the colour indices of the product. Statistically significant variation was found in the CIEL*a*b* colour values of the spinach (Fig. 3) . Lightness (L*) and greenness (negative values of a*) are the most important colour coordinates for evaluating the visual quality of baby spinach. The lightness index (L*) of baby spinach stored for 3 days in 30 m PP film bags was slightly higher (on average, 41.7 %) than that found in other storage conditions. However, this tendency was not statistically significant. The lightness of baby spinach stored at the highest temperature (16 ± 1 °C) showed a relative increase. The increase in the lightness index was more pronounced in spinach leaves that were stored in PE1 and PE2 film bags (14.3 % and 13.6 %, respectively) ( Figure 3) . The storage temperature was found to have the greatest impact on the colour coordinate a* and the colour tone (h°) of the baby spinach (Figure 3) . The colour coordinate a* of the spinach stored for 3 days at 4 ± 1 °C and 8 ± 1 °C in 30 m PP film bags was the most highly negative (i.e., the leaves stored in the 30 m PP film bags were the greenest in colour). After 9 days of storage, the greenness value (-a*) decreased, showing that the green colour, i.e., the concentration of chlorophylls in baby spinach, was reduced or that these compounds were degraded. This index (-a*) changed most markedly when the baby spinach was stored at the higher temperatures (8 ± 1 °C and 16 ± 1 °C). During storage, the yellowness (colour coordinate b*) of the baby spinach increased (Figure 3 ). After 9 days of storage at 8 ± 1 °C and 16 ± 1 °C, the values of the colour coordinate b* showed statistically significant differences. This tendency was observed in all types of packaging. The values of the colour coordinate b* increased most strongly in the baby spinach packed in the 30 m PE1 film bags. The mean value of h° in the baby spinach was 112.5°. This value indicates that the colour of the spinach leaves was green but that the leaves also had a slightly yellowish shade (the colour tone of green is equal to 180°). The yellowish shade indicates the presence of carotenoids in spinach (Vernon, 1960) . The value of h° showed the strongest decrease in the baby spinach stored for 9 days at 16 ± 1 °C. During storage at 0 ± 1 °C, 4 ± 1 °C and 8 ± 1 °C, the h° value remained most stable in the 40 m PE2 film bags.
CONCLUSIONS
Spinach leaves stored at 0-4 ºC in 30 m PP and 35 m PE1 film bags retained the best texture, taste and characteristic odour of freshness for up to nine days. When stored at 16 ºC (for example, in supermarkets) the characteristic taste of baby spinach is only retained for up to 3 days. Smaller changes in soluble solids, ascorbic acid and the concentration of phenolics were detected in baby spinach stored in 40 m PE2 film bags at 4 ± 1 ºC. The amount of nitrates decreased during the storage of baby spinach, although slightly higher amounts of nitrates were found in spinach packed in 30 m PP and 35 m PE1 film bags and stored for 3 days. Storage temperature affects the colour of spinach leaves (significant at P  0.05 difference), but the packaging material did not had influence on spinach leaves colour. The storage temperature of the spinach had the greatest influence on the colour coordinate a* and the colour tone h°.
